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Together with their simian T-cell lymphotropic virus (STLV) equivalent, human T-cell lymphotropic virus
type 1 (HTLV-1), HTLV-2, and HTLV-3 form the primate T-cell lymphotropic virus (PTLV) group. Over the
years, understanding the biology and pathogenesis of HTLV-1 and HTLV-2 has been widely improved by
the creation of molecular clones. In contrast, so far, PTLV-3 experimental studies have been restricted to the
overexpression of the tax gene using reporter assays. We have therefore decided to construct an STLV-3
molecular clone. We generated a full-length STLV-3 proviral clone (8,891 bp) by PCR amplification of
overlapping fragments. This STLV-3 molecular clone was then transfected into 293T cells. Reverse transcrip-
tase PCR experiments followed by sequence analysis of the amplified products allowed us to establish that both
gag and tax/rex mRNAs were transcribed. Western blotting further demonstrated the presence of the STLV-3
p24gag protein in the cell culture supernatant from transfected cells. Transient transfection of 293T cells and
of 293T-long terminal repeat-green fluorescent protein cells with the STLV-3 clone promoted syncytium
formation, a hallmark of PTLV Env expression, as well as the appearance of fluorescent cells, also demon-
strating that the Tax3 protein was expressed. Virus particles were visible by electron microscopy. These
particles are infectious, as demonstrated by our cell-free-infection experiments with purified virions. All
together, our data demonstrate that the STLV-3 molecular clone is functional and infectious. This clone will
give us a unique opportunity to study in vitro the different pX transcripts and the putative presence of antisense
transcripts and to evaluate the PTLV-3 pathogenicity in vivo.

Together with their simian T-cell lymphotropic virus
(STLV) counterpart, human T-cell lymphotropic viruses
(HTLVs) form the primate T-cell lymphotropic virus (PTLV)
group (25). Until recently, only two HTLV types were known
to occur in humans. We and others have lately reported the
discovery of HTLV type 3 (HTLV-3) in two Cameroonese
inhabitants (7, 63). The HTLV-3 sequence is highly related to
Central African STLV-3 strains that are present in a number of
monkey species living in that area (6, 55). The genomic orga-
nizations of HTLV-3 and STLV-3 proviruses are similar, with
the presence of two long terminal repeat (LTR) sequences
flanking the gag, pol, env, tax, and rex genes (6, 36, 37, 55, 58,
59). Of note, both the STLV-3 and HTLV-3 LTRs lack one
Tax-responsive element compared to those of HTLV-1 or
HTLV-2 (6, 36, 37, 55, 58, 59). Nevertheless, the PTLV-3 Tax
protein can efficiently drive transcription from the PTLV-3
LTR as well as from the HTLV-1 and HTLV-2 LTRs (6, 11).

The number of open reading frames (ORFs) that are
present in the PTLV-3 pX region is still a matter of debate; the
STLV-3 prototype (STLV-3PH969) pX region was reported to
contain only one additional ORF, whose mRNA was amplified

by reverse transcriptase PCR (RT-PCR) (57). In silico analyses
suggested that this mRNA could be translated into a putative
84-amino-acid-long protein designated RORFII, which shares
a number of similarities with the HTLV-1 p12I protein (57).
However, the presence of RORFII mRNA was not detected
when two other STLV-3 strain (PPA-F3 and CTO-604) pX
transcripts were analyzed by RT-PCR (36, 37). Consequently,
it is not clear whether, apart from Tax and Rex, additional
ORFs are generally present in the STLV-3/HTLV-3 pX se-
quence.

Initial HTLV experimental studies have been restricted to
an examination of infected patients (43), the overexpression of
individual genes (mainly tax) using reporter assays (53, 54), or
characterizations of HTLV-infected cell lines (44, 48). Al-
though these studies were helpful, understanding the biology
of HTLVs and their pathogenesis was later widely improved by
the creation of HTLV-1 and HTLV-2 molecular clones (9, 12,
17, 19, 32, 39, 49, 50, 68) (for a review, see reference 3).
Subsequently, deletion, point mutation, or domain-swapping
analyses have allowed investigators to define more accurately
the importance of a number of proteins encoded by the pX
domain (for up-to-date reviews, see references 2 and 41), even
though the recent discovery of an HTLV-1 antisense protein
(HBZ) whose sequence partly covers the pX region (20) might
imply that some of these results would benefit from being
revisited.

The identification of factors that contribute to the potential
pathogenicity of PTLV-3 would be feasible if a molecular clone
that could be used in vitro and in vivo existed. The lack of
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HTLV-3-infected cell lines and the restricted amount of
HTLV-3Pyl43 DNA that is available, combined with the strong
sequence homologies between HTLV-3Pyl43 and some STLV-3
strains, prompted us to construct an STLV-3 molecular clone.
We describe here for the first time the construction of a full-
length STLV-3PPA-F3 provirus (8,891 bp), which was inserted
into the SV2neo plasmid. SV2neo has previously been used for
constructing an HTLV-2 molecular clone (51). Our results
report for the first time a method for generating a full-length
STLV-3 proviral clone. This clone (SV2neoPPA-F3) produces
infectious STLV-3 viral particles when transfected into 293T
cells. SV2neoPPA-F3 can now be used in vitro and in vivo. It will
allow us to study the different pX transcripts in vitro. More
importantly, it will give us a unique opportunity to investigate
the tropism of the STLV-3 virus in vivo, the immune response
following infection, and viral persistence.

MATERIALS AND METHODS

Cell culture. 293T-LTR-green fluorescent protein (GFP) (15) and 293T cell
lines were grown in Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with fetal bovine serum (10%) and antibiotics (penicillin, 100 U/ml;
streptomycin, 100 �g/ml). Both cell lines were maintained at 37°C in 5% CO2.

Construction of the STLV-3PPA-F3 molecular clone. High-molecular-weight
DNA was extracted (QIAmp DNA blood minikit; QIAGEN) from the blood of
a Papio anubis monkey (PPA-F3) held at the Marseille CNRS cognitive primate
center (Joel Fagot). Nine subgenomic overlapping fragments (A to I) represent-
ing the complete STLV-3PPA-F3 proviral sequence (8,891 bp) were then ampli-
fied. The PCR mixtures contained 1 �g of DNA, 5 �l 10� Pfu buffer, a 0.2 mM
concentration of each deoxynucleoside triphosphate (Roche), 2.5 U PfuTurbo
DNA polymerase (Stratagene), and 10 pmol of each primer. Table 1 shows the
primer sequences and the corresponding annealing temperatures. PCR products
were purified on a 1% agarose gel (QIAquick gel extraction; QIAGEN) and
cloned into the pCR2.1 vector (TA cloning; Invitrogen). Larger fragments (from
E to F [fragment EF] and from F to C [fragment FC]) were then generated, as

previously described (35). STLV-3PPA-F3 provirus was inserted into the low-copy-
number SV2neo plasmid. SV2neo encodes ampicillin resistance in bacteria and
G418 resistance in mammalian cells (9, 49). Both SV2neo and SV2neoPPA-F3

were grown in bacteria (SCS110; Stratagene) in the presence of ampicillin at
30°C in limited volumes in order to decrease the rate of recombination that
frequently occurs in the presence of the LTR sequences.

At each step of the provirus construction, 6 to 10 clones were sequenced using
the BigDye terminator kit and an ABI 3100 automated sequencer (Applied
Biosystems) as described previously (6).

RT-PCR. Twenty-four hours posttransfection of 293T cells, total RNA was
extracted with an RNeasy mini kit (QIAGEN) and treated twice with the DNase
I RNase-free DNA set (QIAGEN) to avoid any carryover of the proviral plasmid
(6). Total RNA (0.5 �g) was used as a matrix for RT-PCR with a one-step
RT-PCR kit (QIAGEN). PCR was performed using the 602LTR and 602MVB
Rex ex2 primers, which allow the amplification of a 424-bp PCR product corre-
sponding to the spliced tax/rex mRNA (37). In a second series of RT-PCR
experiments, gag-specific primers (Gsens, 5�TCTTAATTCAAGAAACCCCTG
CGC3�, and Sc gag 1432 antisense, 5�TCTCCGAAGCCCTTGCTGATTTGG3�)
were also used to amplify a 498-bp sequence.

p19 ELISA. Cell culture supernatant was collected at 24 and 48 h posttrans-
fection and tested with the Retrotek HTLV-1/2 p19 antigen enzyme-linked
immunosorbent assay (ELISA) (Zeptometrix). This kit allows the detection of
the p19gag proteins of both HTLV-1 and HTLV-2 (1, 4).

Western blotting. 293T-LTR-GFP cells were transfected with the Polyfect
reagent (QIAGEN) with 4 �g of SV2neoPPA-F3, with 3 �g of SV2neoPPA-F3 and
1 �g of pSG5M-Tax3604, or with 4 �g of the SV2neo backbone vector. Ten days
later, 10 ml of growth medium was collected, clarified by low-speed centrifuga-
tion (2,500 rpm for 5 min), and filtered through a 45-�m filter. Virus was then
layered on a 20% glycerol gradient (18) and pelleted by centrifugation in a SW28
rotor at 22,000 rpm for 2 h. The pellet was resuspended in lysis buffer (50 mM
Tris-HCl [pH 7.4], 120 mM NaCl, 5 mM EDTA, 0.5% NP-40, 0.2 mM Na3VO4,
1 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride) in the presence of
protease inhibitors (Complete; Boehringer). Cell debris were pelleted by cen-
trifugation. The protein concentration was determined by the Bradford assay
(Bio-Rad). Twenty microliters of each sample was resolved by electrophoresis on
a 4 to 12% polyacrylamide-sodium dodecyl sulfate gel (NUPAGE; Invitrogen).
Proteins were transferred to an Immobilon-P membrane (Millipore). Mem-
branes were blocked in a 0.05% solution of phosphate-buffered saline (PBS)-

TABLE 1. Sequence of the primers used for the amplification of the nine different STLV-3 PPA-F3 fragments

Primer
fragment Sequences of primer set Positions within the

genomea
Annealing
temp (°C)

E GGGGGGGAATTCTGTCGATGATGATGAGCCCCG 1333 60.6
GGAGATCTTTCATTTGCCAGGGG 117241150

G TCTTAATTCAAGAAACCCCTGCGC 99931022 60.5
GGAGTGCTTGAATGCTAACAGGGG 212242099

H CCCAGCAGAAGCAGCCTATCC 204832068 58.3
CGGAGAGCGAGATAGAGCTGG 324743226

I CTCTAAAGGCACCCCTGTCCTCCGC 319133216 60.1
GAGACCGCCCCGGAGTAAGTATCCACCC 443844411

F CGTCACTCACCTCCAGTACAAGCG 436434387 59.4
GGGCATTGTATAGCGCAGGGG 538745367

D GTATTCCCCCATTGGATAGCCAAACC 529935324 60.9
GATGAGGAGGAGAAAGAGGGCC 642946408

B CTCTCCCAATGGGCCCGAGAAGCC 636136384 59.9
TGTAGAGCTGAGCTGACAACG 743347413

A GGGGGGCTTTGTTCCGCTCGG 732437344 62.6
CCTTCCTTGGGGCAAGGGCCG 802148001

C CTCCCGTGCCAAAAGGAAATTGCC 793037953 60.3
TTTTTTTCGCGATGTTTGCTTTCTTCCCTAGGGCTAGC 889148854

a The direction of the arrow indicates the direction of transcription.
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Tween 20 with 5% milk and incubated with sera obtained from two STLV-3-
infected primates (PPA-F8 or CTO-604 [data not shown]). The next day, the
membranes were washed and incubated with anti-human horseradish peroxi-
dase-conjugated secondary antibodies (P.A.R.I.S.) and developed using the Su-
perSignal West Femto chemiluminescent-substrate kit (Pierce).

Immunofluorescence. 293T-LTR-GFP cells were transfected with 2 �g of
SV2neoPPA-F3 using the Polyfect reagent (QIAGEN) as described previously
(35). Three days later, cells were washed with PBS, fixed with 4% paraformal-
dehyde (Sigma), and visualized with a Zeiss Axioplan 2 imaging microscope
(magnification, �40) using a Zeiss Axiocam HRc (color) camera and the Zeiss
ApoTome software as described previously (10).

Secondary infection. 293T cells were transfected twice (day 0 and day 1) with
4 �g of either SV2neoPPA-F3 or the SV2neo empty vector, using the Polyfect
reagent (QIAGEN). Forty-eight hours later, 8 ml of growth medium was col-
lected from two 60-mm-diameter dishes and clarified by low-speed centrifugation
(2,500 rpm for 5 min) then filtered through a 45-�m filter. Virus was then layered
on a 20% glycerol gradient (18) and pelleted by centrifugation in a SW28 rotor
at 22,000 rpm for 2 h. The pellet was then resuspended in 200 �l of DMEM
without fetal bovine serum in the presence of 10 �g/ml of DEAE-dextran as
previously described (17). As a control, the virus pellet was heated at 70°C for
2 h. 293T-LTR GFP indicator cells were incubated with 200 �l of the resus-
pended virus in a total volume of 2 ml of DMEM in the absence of fetal bovine
serum for 2 h. Complete medium (8 ml) was then added and changed twice a
week. One week later, live cells were visualized with a Zeiss Axioplan 2 imaging
microscope (magnification, �40) using a Zeiss Axiocam HRc (color) camera and
the Zeiss ApoTome software as described previously (10).

Syncytium formation. 293T-LTR-GFP cells (15) were transfected with the
Polyfect reagent (QIAGEN) with SV2neoPPA-F3 or with the SV2neo empty
vector. Forty-eight hours posttransfection, cell culture medium was removed, the
cells were washed with PBS and fixed, and pictures were taken as described
above.

Electron microscopy. For ultrastructural analyses, cells were fixed overnight at
4°C with 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4. Samples were
postfixed with 1% osmium tetroxide in 0.1 M cacodylate buffer, pH 7.4, for 1 h
and then with 2% uranyl acetate in 30% methanol for 1 h. Samples were then
dehydrated in ethanol and embedded in epoxy resin. Ultrathin sections were
stained with 2% uranyl acetate and lead citrate. Sections were examined using a
Jeol JEM1010 transmission electron microscope (Jeol, Tokyo, Japan) at 80 kV
and an Eloise MegaView III camera (Eloise SARL, Roissy, France).

RESULTS

Because an STLV-3-infected immortalized or transformed
cell line is not available to us, it was not possible to transfer the
STLV-3 provirus from bacteriophage lambda to a plasmid
vector, as previously reported for the construction of the
HTLV-1 or of HTLV-2 molecular clones (9, 12, 17, 32, 39, 50,
51). For this reason, we chose a different approach that has
been used for constructing full-length infectious foamy virus
from subgenomic DNA fragments (62, 67). This method relies
on the sequential addition of defined DNA fragments by PCR
(Fig. 1A). To this end, we first amplified nine different partially
overlapping sequences (A to I) from STLV-3PPA-F3 high-mo-
lecular-weight DNA and cloned them into the pCR2.1 plas-
mid. The size of each fragment ranged from 961 bp to 1,247 bp
(Fig. 1B). These nine pieces were then assembled into two
larger fragments (EF and FC) by using a previously described

technique (35), and ultimately, the complete genome was in-
serted into the SV2neo plasmid (Fig. 1C). SV2neo is a low-
copy-number plasmid whose use drastically reduces the gener-
ation of deleted clones (3). Recombinant plasmids were
screened by digesting the plasmid DNA with EcoRI and AspI
(Fig. 1D, top panel). Among the plasmids tested, three clones
display the expected restriction pattern, i.e., three bands at
9,636 bp, 2,140 bp, and 750 bp. Each of these recombinant
plasmids therefore contains the full-length STLV-3 provirus
(Fig. 1D, lower panel, lane 4 [clone 6], lane 5 [clone 7], and
lane 6 [clone 26]). Each plasmid was then fully sequenced on
both strands. Clone 26 (designated SV2neoPPA-F3 throughout
this article) was subsequently used for all analyses. In some
cases, clones 6 and 7, which are also wild type in sequence,
were used.

Transfection of SV2neoPPA-F3 and expression of viral
mRNAs. To determine whether the SV2neoPPA-F3 molecular
clone was capable of directing mRNA synthesis, total RNA
was extracted from transiently transfected 293T cells, treated
twice with DNase I, and subjected to RT-PCR to search for the
presence of nonspliced gag or doubly spliced tax/rex viral
messengers. As expected, a band corresponding to gag (498 bp)
was present in 293T cells transfected with each of the
SV2neoPPA-F3 clones (i.e., clone 6, 7, or 26) but not in SV2neo
or in mock-transfected cells (Fig. 2A, lanes 4, 5, and 6 versus
lanes 2 and 3). The absence of amplicon when RT was omitted
demonstrates the lack of DNA carryover in the RNA prepa-
ration (Fig. 2A, lane 7). All together, these results allow us to
conclude that gag mRNA is present specifically in the
SV2neoPPA-F3-transfected cells.

We next determined whether tax/rex mRNA could also be
detected (see Fig. 2B for the primer positions). A signal (424
bp) corresponding to part of the doubly spliced tax/rex mes-
senger was specifically detected in SV2neoPPA-F3-transfected
293T cells (Fig. 2C, lanes 46) to but not in SV2neo or in
mock-transfected cells (Fig. 2B, lanes 2 and 3). We cloned and
sequenced the 424-bp PCR product. Sequence analysis allowed
us to demonstrate unambiguously that the PCR amplicon cor-
responded to the tax/rex mRNA (Fig. 2D). All together, these
results demonstrate that both nonspliced and spliced mRNAs
are transcribed following the transfection of SV2neoPPA-F3

plasmid into 293T cells.
Viral protein expression. To determine whether viral pro-

teins are translated, the supernatant of SV2neoPPA-F3-trans-
fected 293T cells was concentrated by ultracentrifugation and
proteins were analyzed by electrophoresis using a monkey se-
rum (STLV-3PPA-F8) that has previously been shown to contain
STLV-3 antibodies (36). A band corresponding to the STLV-3
p24gag protein was specifically observed in the supernatant

FIG. 1. Construction of the SV2neoPPA-F3 molecular clone. (A) Representation of the nine partially overlapping STLV-3PPA-F3 fragments used
for the construction of the molecular clone and schematic representation of the STLV-3PPA-F3 genome. The primers used for the PCR experiments
are described in Table 1. (B) Analysis of the STLV-3PPA-F3 amplified products cloned into the pCR2.1 vector. The PCR products (lanes 2 to 10)
were analyzed on a 1% agarose gel. Lanes 1 and 11, 100-bp DNA ladder. Numbers at the left are in base pairs. The PCR product sizes are indicated
in panel A. (C) The STLV-3PPA-F3 genomic intermediates EF (5,387 bp) and FC (4,527 bp) were assembled into the SV2neo vector in order to
obtain the complete SV2neoPPA-F3 proviral genome. (D) Restriction map of the full-length STLV-3PPA-F3 genome inserted into the SV2neo
plasmid. Numbers at the left of the blot are in base pairs. Lane 1, 1-kb DNA ladder; lanes 2 to 6, recombinant plasmids digested with EcoRI and
AspI that were on a 0.7% agarose gel. The expected restriction pattern consists of three bands at 9,636 bp, 2,140 bp, and 750 bp.
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FIG. 2. RT-PCR analysis of viral SV2neoPPA-F3 RNAs. Total RNA was extracted from transiently transfected 293T cells, treated with DNase
I, and subjected to RT-PCR to search for the presence of (A) nonspliced gag (498-bp) or (B, C) doubly spliced tax/rex (424-bp) viral messengers.
(A) Lane 1, 100-bp DNA ladder; lane 2, mock-transfected cells; lane 3, RNA from SV2neo-transfected cells; lanes 4 to 6, RNA from cells
transfected with SV2neoPPA-F3 clones 6, 7, and 26, respectively (these three recombinant plasmids contain the wild-type SV2neoPPA-F3 sequence).
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obtained from SV2neoPPA-F3-transfected cells (Fig. 3, lane 3)
but not in the protein extracts from SV2neo-transfected cells
(Fig. 3, lane 1). To determine whether the simian Tax3 protein
increased the production of viral antigens, the cells were also
cotransfected with a Tax3 plasmid, as has been done previously
for HTLV-1 molecular-clone experiments (32, 42). The pres-
ence of Tax3 modestly increased the amount of STLV-3 p24 in
the cell supernatant (Fig. 3, lane 3 versus lane 4). All together,
our results are similar to those of Green, who demonstrated
previously that HTLV-2 sera detect mainly HTLV-2 p24gag in
extracts from cells transfected with the pH6neo HTLV-2 mo-
lecular clone (23, 24). Overall, our results demonstrate that
STLV-3PPA-F3-transfected cells express STLV-3 p24gag pro-
tein. Similar Western blot results were obtained when the
experiment was repeated with the serum from another STLV-
3-infected animal (STLV-3604 [data not shown]).

Interestingly, the STLV-3PPA-F8 serum also cross-reacted
with HTLV-1 p24gag protein present in HUT-102-infected cells
(Fig. 3, lane 2). These results are consistent with previous
reports which demonstrated that STLV-3 sera cross-react with
HTLV-1 p24gag in a commercial Western blot assay (36, 37, 56,
59). We then performed the opposite experiment and tested
whether commercial monoclonal or polyclonal anti-HTLV-1
p19gag or anti HTLV-1 p24gag cross-react with STLV-3 p19gag

and p24gag proteins by Western blotting. While all of antibod-

ies tested detected HTLV-1 p19gag and p24gag proteins present
in HUT-102 HTLV-1-infected cells, none of them allowed the
detection of STLV-3 p19gag or p24gag (data not shown). There-
fore, so far, the STLV-3 sera are the only available source of
anti-STLV-3 antibodies.

p19gag detection. We also tested whether SV2neoPPA-F3

p19gag could be detected in the supernatant of STLV-3PPA-F3-
transfected cells using a commercial ELISA assay that has
been widely used to detect p19gag in the supernatants of cells
transfected with HTLV-1 or HTLV-2 molecular clones (16, 32,
40, 42, 52, 64). Although p19gag protein was easily measured in
the supernatants of HUT-102, C8166, and C19 cells (HTLV-1
and HTLV-2, respectively), we measured only very small
amounts of p19gag protein in supernatant samples from
SV2neoPPA-F3-transfected cells (data not shown). This value is
not significantly higher than the background value. This result
was in fact not entirely unanticipated, since (i) the Zeptometrix
test has been built for detecting HTLV-1 and HTLV-2 p19gag

and (ii) most STLV-3 sera do not cross-react with plates coated
with the HTLV-1 p19gag protein from commercial Western
blot assay kits (36, 37).

Envelope expression and syncytium formation. HTLV is
transmitted mainly by cell-to-cell contact, which leads to the
production of syncytia in vitro. Syncytium formation has been
attributed to the interaction of the viral envelope on the sur-
faces of infected cells with the viral receptors that are present
on the surfaces of adjacent cells (33). The ability of HTLV-1-
infected cells (14, 27), of HTLV-2-infected cells (61), or of
STLV-1-expressing cells (60) to form syncytia with target cells
has been used as a model for cell-to-cell viral transfer. This
phenomenon occurs in a broad range of cell lines (31). Since it
is similar to other PTLVs, STLV-3 is expected to induce the
formation of syncytia when amplified in tissue culture, if the
infected cells express the envelope proteins (TM and SU) and
the target cells express the STLV-3 receptor. To test this
hypothesis, 293T cells were transfected with plasmid
SV2neoPPA-F3 or SV2neo. After 2 days of culture, syncytia
were observed in the SV2neoPPA-F3 cells (Fig. 4A, panel a),
while this was not the case for cells that were transfected with
the SV2neo backbone vector (Fig. 4A, panel b). These results
demonstrate that upon transfection of the SV2neoPPA-F3 plas-
mid in 293T cells, STLV-3 envelope proteins were translated.
Ultimately, the STLV-3 SU protein bound to the STLV-3
receptor on the surfaces of 293T cells, and STLV-3 TM trig-
gered the fusion between the donor and target cell membranes.
Whether the STLV-3 receptor is glucose transporter-1, neuro-
pilin-1 (21, 29, 34), or another cellular protein (30) is currently
unknown.

Tax expression. We have previously demonstrated that the
simian Tax3 protein transactivates the HTLV-1 LTR (11). To
determine whether the SV2neoPPA-F3 plasmid directs the ex-

For lane 7, RT was not added to the PCR mix containing RNA extracted from clone 26-transfected cells. (B) RT-PCR strategy for amplifying the
rex transcript. The primers used and their positions were previously described (37). (C) RNAs were tested for the presence of a band corresponding
to the spliced tax/rex mRNA transcript. Lane 1, 100-bp DNA ladder; lane 2, mock-transfected cells; lane 3, RNA from SV2neo-transfected cells;
lanes 4 to 6, RNA from cells transfected with STLV-3PPA-F3 clones 6, 7, and 26, respectively. NS, nonspecific band. (D) Sequence analysis of the
424-bp-long RT-PCR product. The gag and tax/rex gels are representative of at least three different experiments performed on different RNA
preparations. Numbers to the left of the blots are in base pairs.

FIG. 3. Expression of virion structural p24gag protein released into
the cell culture supernatant from 293T cells transfected with the
SV2neoPPA-F3 clone. 293T cells were transfected with SV2neo (lane 1),
SV2neoPPA-F3 (lane 3), or SV2neoPPA-F3 plus pSG5M-Tax3 (lane 4).
Ten days later, growth media were collected, clarified by low-speed
centrifugation, and filtered. Virus was then layered on a 20% glycerol
gradient and centrifuged. The pellet was then resuspended in lysis
buffer. Each sample was resolved by electrophoresis on a 4 to 12%
sodium dodecyl sulfate–polyacrylamide gel. Proteins were transferred
to a membrane and incubated with a serum obtained from an STLV-
3-infected primate (PPA-F8). For lane 2, HTLV-1 HUT-102 growth
medium was also collected and processed under the experimental
conditions described above. NS, nonspecific. This Western blot is rep-
resentative of blots from two different experiments. Numbers at the
left are in kilodaltons.
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pression of a functional Tax3 protein, indicator 293T–HTLV-
1–LTR–GFP cells were transfected. Forty-eight hours later, a
high number of fluorescent cells was observed (Fig. 4B, panels
c to f), demonstrating that the Tax3 protein was expressed and
functional. In most cases, the GFP signal was detected in cells
that formed syncytia, confirming the expression of both the
Env and Tax proteins within the same cells (Fig. 4B, panels d
and f). As expected, neither the GFP signal nor syncytia were
detected in the cells that had been transfected with the SV2neo
backbone vector (data not shown).

SV2neoPPA-F3 produces viral particles. SV2neoPPA-F3-trans-
fected 293T cells were observed by transmission electron mi-
croscopy to search for STLV-3PPA-F3 viral particles. Micro-
scope analysis revealed the presence of viral particles (Fig. 5a
to c) whose sizes were not homogeneous (80 to 110 nm) and
whose cores were of various densities, as previously reported
for HTLV-1-infected cells (data not shown and reference 38),

for cells transfected with an HTLV-2 molecular clone (data not
shown), and for a short-term culture of STLV-3-infected cells
(22). An envelope is visible in an enlarged image of Fig. 5a.
These particles are very similar to those observed in MT2 cells
or in 293T cells transfected with an HTLV-1 molecular clone
(8, 42). As a control, 293T cells transfected with the SV2neo
empty vector did not reveal the presence of any particle (Fig.
5d). Budding was also visible in SV2neoPPA-F3-transfected
293T cells (Fig. 5e and f).

SV2neoPPA-F3 viral particles are infectious. Finally, we
wanted to determine whether SV2neoPPA-F3 particles were or
were not infectious. Even though the process is very inefficient,
it is possible to infect cells with purified HTLV viruses (17, 18,
28, 42). To determine whether STLV-3PPA-F3-transfected cells
produce infectious particles, cell culture supernatant was col-
lected from SV2neoPPA-F3-transfected cells, purified, and
added to 293T-LTR-GFP indicator cells. After several days of
culture, a number of syncytia and of GFP-positive cells was
observed (Fig. 6a to f). These results demonstrate that the
purified STLV-3 particles are infectious. Thermal inactivation
is commonly used as a means of efficiently inactivating retro-
viruses (45). As a control, the STLV-3PPA-F3 virus-purified
pellet was heated and added to the indicator cells. In that
experiment, neither syncytia nor GFP-positive cells were ob-
served (Fig. 6g and h).

DISCUSSION

The recent discovery of two HTLV-3 strains (7, 63) together
with the demonstration of a number of key similarities between
the Tax1 and Tax3 proteins (including the presence of a PDZ-
binding domain) prompted us to wonder whether this new
member of the HTLV group is pathogenic (6). Interestingly,
Goubau et al. previously reported the immortalization of hu-
man cord blood cells after they were cocultivated with fresh
peripheral blood mononuclear cells obtained from STLV-3-
infected Papio hamadryas monkeys (22). However, until now, a
transformed HTLV-3 cell line has not been available for such
analysis. We and others have previously shown that HTLV-3
and STLV-3 share the same organization and are highly re-
lated in sequence (87 to 99% identity) (6, 11, 55). While the
HTLV-32026ND provirus from the Switzer laboratory has a
length that is similar to those of Central African STLV-3
strains (8,917 bp for HTLV-32026ND versus 8,919 bp for STLV-
3CTO-604 and 8,916 bp for STLV-3PH969), we established that
our isolate, HTLV-3Pyl43, is shorter, with a 366-bp deletion in
the pX-proximal region (6).

Several recent studies of the viral replication or persistence
of wild-type or mutant HTLV-1 and HTLV-2 proviruses in
vitro or in vivo have benefited from the availability of molec-
ular clones (1, 4, 5, 13, 26, 46, 47, 64–66). Given the high
percentage of identity between HTLV-3 and STLV-3 and be-
cause the 366-bp pX region that is present in the HTLV-3Pyl43

genome deletion (6) seems to be uncommon among PTLV-3
strains, we decided to use an STLV-3 matrix to construct the
first PTLV-3 molecular clone. Our construction technique re-
lied on the sequential addition of defined amplified overlap-
ping DNA fragments. Our present results demonstrate that,
when transfected into 293T cells, the SV2neoPPA-F3 molecular
clone is transcribed and can direct the synthesis of viral pro-

FIG. 4. Syncytium formation and Tax expression. (A) 293T cells
were transiently transfected with (a) SV2neoPPA-F3 or (b) the SV2neo
empty vector. Forty-eight hours posttransfection, cell culture medium
was removed, cells were washed with PBS and fixed, and pictures were
taken with a Zeiss Axioplan-Axiocam-ApoTome system. (B, panels c
to f) 293T-LTR-GFP cells were transiently transfected with
SV2neoPPA-F3. Forty-eight hours posttransfection, cells were processed
as described above. (A and B) The images shown are representative of
at least three different experiments.
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teins that are able to assemble to form infectious viral particles
as demonstrated by RT-PCR, Western blotting, immunofluo-
rescence imaging, and electron microscopy.

We previously demonstrated that both human and simian
Tax3 proteins can transactivate the heterologous HTLV-1 pro-
moter in transient-transfection assays using Tax3 and HTLV-1
reporter plasmids (6, 11). Our current results demonstrate that
these results are also true in the context of a genuine infection
with an STLV-3 molecular clone that produces Tax3 protein in
the infected cells. This suggests that this phenomenon could
therefore occur in vivo in individuals dually infected with
HTLV-1 and HTLV-3. Whether this would or would not ac-
celerate the occurrence of a disease remains to be determined.

Apart from Tax and Rex, the presence of additional pX
gene-encoded proteins in the genomes of STLV-3/HTLV-3 is
a matter of debate (36, 37, 57). Apart from tax and rex, the
STLV-3PH969 strain was reported to contain at least two puta-
tive additional ORFs (RORFI and RORFII) (57). RORFII
mRNA could be amplified from STLV-3PH969-infected cells,
while ORFI could not (57). Subsequently, however, Meertens

et al. did not detect the presence of RORFII mRNA in two
other STLV-3 samples (STLV-3CTO-604 and STLV-3PPA-F3)
analyzed (36, 37). More recently, in silico analyses from Swit-
zer and colleagues (55) allowed them to report the presence of
two putative ORFs (ORFIII and ORFIV) in the HTLV-3
2026ND genome. The SV2neoPPA-F3 clone will now give us the
unique opportunity to study whether additional (accessory?)
pX proteins are encoded by the STLV-3 genome. Similarly, we
will now be able to evaluate whether, as is the case for HTLV-1
(20), the complementary strand of the STLV-3 RNA genome
encodes a viral protein but also whether the Tax3 PDZ-binding
domain that we previously described (11) has any role in vivo.

In conclusion, we have constructed the first PTLV-3 molec-
ular clone. This clone is a unique tool that will now allow us to
investigate in vivo the tropism of the STLV-3 virus, the im-
mune response following infection, and the persistence of the
virus. One of our next objectives is also to construct an infec-
tious HTLV-3Pyl43 molecular clone using the same approach.
We have already determined that the 366-bp deletion has no
effect on the Tax and Rex ORFs (6); nevertheless, one should

FIG. 5. Electron micrograph showing STLV-3 particles in transiently transfected cells. 293T-LTR-GFP cells were transfected with (a, b, c, e,
f) SV2neoPPA-F3 or (d) the SV2neo empty vector. Forty-eight hours posttransfection, cell culture medium was removed; the cells were washed with
PBS and fixed for ultrastructural analyses as described in Materials and Methods. The images shown are representative of three separate
experiments. The arrow in the enlarged area of panel a indicates the presence of an envelope.
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determine whether this deletion has or does not have an im-
pact on the viral life cycle.
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